
 

 

 

 

Abstract Due to rapid industrialization and 

urbanization in the country lot of infrastructure 

developments are taking place. This process as in 

turn lead questions to mankind to solve the problems 

generated by this growth. The problems defined are 

acute shortage of construction materials, increase the 

productivity of waste and other products usually M30 

concrete is used for most of the constructional works. 

Hence in this project M30 concrete is taken and 

Natural zeolite is used as substitute material. Natural 

zeolites are hydrothermal and of mainly volcanic 

origin. They can occur both in crystallized forms 

found in igneous and metamorphic rocks, as well as 

in grains of smaller diameters accumulated in 

sedimentary rocks.  

This present study the concrete mix of M30 

grade which was made using OPC 53 grade of 

cement and in which natural zeolite is used to 

replacing cement with 0,5,10,15, 20 and 25 

percentages. Casting of Cylindrical Specimens of 150 

mm diameter and 300 mm Height in Size to study 

stress-strain behaviour of concrete mix for 7, 28 and 

60days.The maximum strains produced in early ages 

in the concrete mix is compared with the strains 

produced in later on ages and also study the 

variation of strength increment at different ages 

studied and from that appropriate percentage of 

natural zeolite at which mix shows appropriate 

results. The experimental investigation is also 

conducted to study workability, compressive strength 

of concrete in M30 grade mix.  

Key words: Concrete, construction materials, natural 

zeolite, stress, strain, strength. 

 

 

 

1. INTRODUCTION 

The Stress-strain behavior of concrete is 

dependent on its strength age at loading, rate of 

loading, aggregate and cement properties and type 

and size of specimens. The shape of the uniaxial 

stress-strain diagram is strongly affected by the 

several conditions. For testing, the conditions include 

stiffness of the testing machine, size and shape of the 

specimen, specimen versus machine stiffness, strain 

rate, type of strain gage, gage length, and type of 

loading (preloading, cycling, etc.). For concrete 

characteristics, the conditions include water-cement 

ratio, cement characteristics and content, concrete 

unit weight, aggregate characteristics and content, 

and type of curing and age of testing. For decades, 

many researchers developed empirical and semi-

empirical stress-strain relationships to describe the 

behavior of concrete in compression. The better the 

stress-strain model, the more reliable is the estimate 

of strength and deformation behavior of concrete 

structural members. The compressive stress-strain 

behavior of concrete is a significant issue in the 

flexural analysis of reinforced concrete beams and 

columns. The stress-strain curve of concrete is also 

useful for investigating the ductility of concrete. 

Moreover, the total area under the stress-strain curve 

can represent the amount of energy absorbed by the 

specimen under loading. 

A stress - strain curve is a graph obtained by 

plotting the values of stresses and strains obtained by 

testing cylinders of standard size made with concrete 

under uniaxial compression. It is observed from the 

stress-strain plots that, no portion of the curves is in 

the form of a straight line even though the stress 

strain relation for cement paste and aggregate when 

tested individually is practically linear. In concrete 

the rate of increase of stress is less than that of 

increase in strain because of the formation of micro 

cracks, between the interfaces of the aggregate and 
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the cement paste. Thus the stress strain curve is not 

linear. In controlled concrete, the value of stress is 

maximum corresponding to a strain of about 0.002 

and further goes on decreasing with the increasing 

strain, giving a dropping curve till it terminates at 

ultimate crushing strain. After obtaining the stress-

strain behavior of controlled and bacterial concrete 

mixes experimentally, an attempt is made by 

validating it against the analytical stress-strain curves 

for controlled and bacterial concrete mixes. 

1.1 Use of Natural zeolite in concrete 

Use of certain industrial waste materials as 

partial replacement of aggregate reduces the 

consumption of natural resources and also helps in 

safe disposal of these waste materials. Natural Zeolite 

is an excellent supplementary cementitious material. 

Like other pozzolanic materials, replacement of 

cement by natural zeolite can improve the mechanical 

properties of cement and concrete composites. 

Natural zeolite has three dimensional frame-structure 

and is classified as a hydrated aluminosilicate of 

alkali and alkaline earth cations. The advantageous 

properties of zeolite are regular structure, large inner 

specific surface area, uniform size pores and good 

thermal stability. Natural zeolite contains large 

quantities of reactive SiO2 and Al2O3. 

The large quantities of reactive SiO2 and 

Al2O3in zeolite chemically combine with calcium 

hydroxide produced by hydration of cement to form 

additional C-S-H gel and aluminates. As a result, the 

micro-structure of hardened cement concrete is 

improved and the concrete becomes more 

impervious. This leads to increase in strength of 

concrete. Steel slag is a byproduct steel making 

which is produced during separation of molten steel 

from impurities in steel making furnaces. The slag 

occurs as a molten liquid melt and solidifies upon 

cooling. Steel slag is hard, dense, abrasion resistant 

and dark colored material. Steel slag aggregate has 

rough surface, crushed shape and higher porosity. 

This could lead to a better mechanical interlock with 

cement paste which improves transition zone in 

concrete and increases compressive strength. 

 

 

Fig 1 Set of Stress Strain Curve for Normal Density 

Concrete 

 

Fig 2 Stress Strain Curve for Lightweight Concrete 

1.2 Objectives of the study 

The following are the some basic objectives 

considered in this paper 

1. The main objective of this project is to 

investigate the effect of partial replacement of 

cement with zeolite powder and strength, stress- 

strain behavior for M20, M40 and M60 grade 

concrete. 

2. Identification of the optimum percentage of 

replacement of cement with zeolite powder. 

3. To develop the stress strain curve for natural 

zeolite concrete. 

4. To study the optimum values of stress and 

elongation with varying percentages of natural 

zeolite concrete. 
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2. LITERATURE STUDIES 

The following are the some of the reference 

reviews considered in this study 

Anila Mary Jacob, Lakshmi G Das, et al.,(2017) 

This paper conducting an analysis of engineering 

properties of concrete containing natural zeolite as 

supplementary cementitious material in the Portland-

cement based binder in an amount of 15%, 20%, 

25%and 30% is presented. The compressive strength, 

split tensile strength, flexural strength of concrete 

was found to be more at 25% of zeolite at the age of 

28 days when compared with conventional concrete. 

Jonie tanijaya, Djwantoro hardjito, et al.,(2008) In 

this research, natural zeolite has been used to 

partially substitute the ordinary Portland cement 

(OPC) in concrete. The presence of silicon dioxide in 

natural zeolite was expected to increase the concrete 

strength through reaction with the calcium hydroxide 

from the hydration of OPC. However, results from 

the investigation revealed that the compressive 

strength, the tensile splitting strength and the 

modulus of elasticity of concrete.  

Chalapati Harish, T.Naresh Kumar, 

V.Vishnuvardhan, etal(2020) The substitution on 

zeolite and fly ash with other proportions like 10% 

zeolite with ordinary Portland cement (OPC), 10% 

zeolite and 10% fly ash, 10% zeolite and 20% fly 

ash, 10% zeolite and 30% fly ash for M25 grade of 

concrete. From this paper we conclude that Based on 

these replacement materials conducting an 

experiment on zeolite and fly ash replacement with a 

different ratios of 10% zeolite in ordinary Portland 

cement (OPC), 10% zeolite and 10% fly ash, 10% 

zeolite and 20% fly ash, 10% zeolite and 30% fly ash 

in M25 grade of concrete. 

3. Materials used in this study 

3.1 Cement  

Ordinary Portland cement (OPC) of 53 Grade 

from a single lot was used throughout the course of 

the investigation. It was fresh and without any lumps. 

The physical properties of the cement are determined 

from various tests conforming to Indian Standard IS: 

8112:l1989 are listed in table below Cement is 

carefully stored to prevent deterioration in its 

properties due to contact with moisture. 

 

Fig 3 OPC 53 Grade cement Sample 

3.2 Coarse aggregates  

Those particles that are predominantly retained 

on the 4.75 mm (No. 4) sieve and will pass through 

3-inch screen are called coarse aggregate. The coarser 

the aggregate, the more economical the mix. Larger 

pieces offer less surface area of the particles than an 

equivalent volume of small pieces. In this 

experimental investigation coarse aggregates of 

maximum size 20mm is used. 

  

Fig 4 Coarse aggregates 

3.3 Fine aggregates  

Those particles passing the 9.5 mm (3/8 in.) 

Sieve, almost entirely passing the 4.75 mm (No. 4) 

sieve, and predominantly retained on the 75 µm (No. 

200) sieve are called fine aggregate. For increased 

workability and for economy as reflected by use of 

less cement, the fine aggregate should have a rounded 

shape. The purpose of the fine aggregate is to fill the 

voids in the coarse aggregate and to act as a 

workability agent. 
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3.4 Natural zeolite 

Zeolites are crystalline microporous 

aluminosilicates, which allow to adsorb water and 

other cations, thus filling the micropores. There are 

more than 40 different types of natural zeolites, and 

each has a slightly different composition that allows 

the adsorption of one or other molecules. They have a 

high capacity of cationic exchange facilitating the 

adsorption of water molecules, ammonium and heavy 

metal ions.  

Natural zeolites have the exceptional quality of 

ion exchange, incorporating cations such as 

cadmium, mercury, nickel or arsenic (heavy metals) 

and releasing calcium, magnesium or phosphates 

(minerals that are healthy for the human body). This 

fact makes the natural zeolite used for various natural 

applications related to agriculture, animal nutrition, 

water purification, gas filtration or human health. 

 

Fig 5 Natural zeolite powder 

3.5 Water  

Water is an important ingredient of concrete as it 

actively participates in the chemical reaction with 

cement. Since it helps to form the strength giving 

cement gel, in the quantity and quality of water is 

required to be looked into very carefully.  

3.6 Mix design and mix trials used in this study 

Mix proportions of materials as per 

specifications of materials is shown below for 

M30 grade concrete 

1. Cement = 394 kg/m3  

2. Water = 197 kg/m3  

3. Fine aggregates = 732 kg/m3  

4. Coarse aggregate = 1139 kg/m3  

5. Water-cement ratio = 0.50 

Final trial mix for M30 grade concrete is 

1:1.86:2.89 at w/c of 0.50. 

3.7 Mix ratios used the study 

Mix types with percentage relative proportions 

and blend proportions of constituent materials are 

appeared in Table below 

 

3.8 Tests to be conducted on the fresh and harden 

concrete 

The following are the major tests conducted on the 

M30 grade concrete using natural zeolite material 

1. Slump cone test 

2. Compressive strength 

3. Stress-strain behavior 

4. EXPERIMENTAL RESULTS 

4.1 Slump cone tests results 

 
Graph 1: Comparison of slump cone tests results 
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4.2 Compressive strength of concrete 

 
Graph 2: Comparison of 7days compressive strength 

tests results 

 
Graph 3: Comparison of 28 days compressive 

strength tests results 

4.3 Stress strain of concrete 

 
Graph 4: 7days Stress Vs strain for 0% natural 

zeolite 

 
Graph 5: 7days Stress Vs strain for 5% natural 

zeolite 

 
Graph 6: 7days Stress Vs strain for 5% natural 

zeolite 

 
Graph 7: 7days Stress Vs strain for 15% natural 

zeolite 

 
Graph 8: 7days Stress Vs strain for 15% natural 

zeolite 

 

Graph 9: 14days Stress Vs strain for 0% natural 

zeolite 
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Graph 10: 14days Stress Vs strain for 5% natural 

zeolite 

 
Graph 11: 14days Stress Vs strain for 10% natural 

zeolite 

 
Graph 12: 14days Stress Vs strain for 15% natural 

zeolite 

 
Graph 13: 14days Stress Vs strain for 15% natural 

zeolite 

 
Graph 14: 14 28days Stress Vs strain for 0% natural 

zeolite 

 
Graph 15: 14 28days Stress Vs strain for 5% natural 

zeolite 

 
Graph 16: 14 28days Stress Vs strain for 10% 

natural zeolite 

 
Graph 17: 14 28days Stress Vs strain for 15% 

natural zeolite 
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Graph 18 28days Stress Vs strain for 20% natural 

zeolite 

CONCLUSIONS 

From the above experimental study the following 

conclusions were made 

1. Natural zeolite and fly ash are the supplementary 

cementitious pozzolanic materials in some 

regions of the globe is natural zeolite, it's a sort 

of frame-structured hydrated alumino silicate 

mineral as well as maybe use as a supplementary 

cementitious substance. 

2. The value of slump increases with increasing the 

percentage of natural zeolite from 0% to 20% 

cement replacement in M30 grade concrete. 

3. The optimal value of compressive strength for 

7days is seen at 15% natural zeolite having 

20.44N/mm2 and for the 28days the optimal 

value of compressive strength is observed at 

15% of natural zeolite. 

4. The optimal case of stress value is also seen at 

15% natural zeolite in the case of 7days, 14days 

and 28 days curing period. 

5. The stress value in the natural zeolite 

replacement is increasing here with increase in 

the curing period from 7days to 28days in M30 

grade concrete. 
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